Abstract Helichrysum Mill. (Asteraceae) species have been used in folk medicine for thousands of years in the world. The in vitro cytogenetic effects in human lymphocytes of nine Helichrysum taxa used in Turkey folk medicine were investigated. Blood samples were obtained from healthy donors, nonsmoking volunteers, which were incubated and exposed to increasing concentrations of methanol extracts of Helichrysum taxa (0.01, 0.05, 0
Introduction
Herbal medicines have become a popular form of therapy. Patients who are self-medicated with herbs for preventive and therapeutic purposes may assume that these products are safe because they are natural. Nevertheless, some of them can cause adverse effects or have the potential to interact with other medications.
Plants of the genus Helichrysum Mill. (Asteraceae) are prolific producers of a host of secondary metabolites, including flavonoids, acetophenones, phloroglucinol, pyrones, triterpenoids and sesquiterpenes (Maffei Facino et al. 1990 ). These are presumably responsible for the remarkable antibacterial (Aslan et al. 2006; Chinou et al. 1997; Cosar and Cubukcu 1990; Kotan et al. 2007; Rios et al. 1991; Roussis et al. 2002; Suzgec et al. 2005) , antiviral (Aslan et al. 2006) , antifungal (Aslan et al. 2006) , antioxidant (Aslan et al. 2007a, b; Carini et al. 2001; Suzgec et al. 2005; Tepe et al. 2005 ), anti-inflammatory (ElDahmy 1994 Recio et al. 1991) , anti-allergic (Carini et al. 2001 ) and antidiabetic (Aslan et al. 2007a, b) properties of extracts from various Helichrysum species. Helichrysum species have been used in folk medicine for thousands of years in areas as far apart as Europe, Egypt, North America, China, Australia and South Africa (Cosar and Cubukcu 1990; Jakupovic et al. 1989) . Helichrysum species are traditionally used in the treatment of wounds, infections, and respiratory conditions (Hutchings et al. 1996) . Some members of this genus have cholagogue and choleretic activity and stimulate the secretion of gastric juice (Litvinenko et al. 1992) . Turkey has a rich flora of Helichrysum species that are widely distributed throughout the country. The genus Helichrysum is represented by 20 species in Turkey and decoction prepared from various species have been widely used as folk remedy in Turkish folk medicine as diuretics, lithagogues and for treatment of stomachaches (Sezik et al. 2001) .
The mitotic index (MI), replication index (RI), and micronucleus (MN) analysis methods are cytogenetic tests that are used both in vivo and in vitro. The MI assay is used to characterize proliferating cells and identify compounds that inhibit or induce mitotic progression. RI measures cell division kinetics by counting the percent of cells in first, second, third or more metaphase (Holland et al. 2002) . A MN is a small extra nucleus separated from the main one, generated during cellular division by late chromosomes or by chromosome fragments. Because of its association with chromosomal aberrations, MN has been used since 1937 as an indicator of genotoxic exposition based on the radiation studies conducted by Brenneke and Mather (Heddle et al. 1983 ).
The present study examined the in vitro cytogenetic effects in human lymphocytes of the nine Ergin Hamzaoglu, Ahmet Aksoy and Ü mit Budak authenticated the plant material. Voucher specimens have been deposited at the Herbarium of the Department of Biology, Bozok University, Yozgat-Turkey.
Preparation of methanol extracts
Dried plant at room temperature was ground to powder with a grinder. Then the powdered plant material (10 g) was extracted in a Soxhlet extractor with 100 mL methanol (MeOH) at 60°C for 6 h. The extract was filtered and concentrated to dryness under reduced pressure at 40°C with a rotary evaporator. Finally, the extracts were kept at ?4°C until tested.
Subjects
After getting approval from the Local Ethics Committee, heparinized blood samples obtained from volunteers. Six healthy subjects (three female and three male) were examined for each plant sample. Peripheral blood was obtained from people who did neither smoking nor drinking alcohol and had no viral infection. Heparinized blood samples were collected for peripheral lymphocyte cultures.
Chemicals
Peripheral blood (PB) karyotyping medium (Biological Industries), colcemid (Sigma) and giemsa stain (Merck) were used in peripheral blood culture. PB Karyotyping Medium is based on RPMI-1640 basal medium supplemented with L-glutamine, fetal bovine serum, antibiotics (gentamycin) and phytohemagglutinin (PHA-M).
Lymphocyte cultures and cell harvesting
Using an aseptic technique, heparinized blood samples (0.4 mL), obtained from healthy donors, were placed in sterile culture tubes containing 5 ml of PB karyotyping medium. Then, Helichrysum extract preparations were added to obtain the five final concentrations (0.01, 0.05, 0.1, 0.5, and 1 mg/mL). After mixing the contents of each culture tube by gently shaken, the culture tubes were incubated in a slanted position at 37°C for 72 h. After 70 h of incubation, 0.1 mL colcemid solution (10 lg/mL) was added to each culture tube and mixed by shaking gently. 72 h of incubation, cells were harvested by centrifugation, by giving hypotonic treatment (0.075 M KCl) and they were fixed in fresh fixative solution (methanol:acetic acid, 3:1). This fixation step was repeated for three times. Slides were airdried and stained with giemsa (Ozkul et al. 2005 ).
Examination of mitotic index and replication index MI was calculated as the proportion of metaphase for 2,000 cells for each donor and concentration.
A total of 500 cells were scored for the determination of the RI. RI was calculated by using the following formula: RI = (1 9 M1 ? 2 9 M2 ? 3 9 M3)/500, where M1, M2 and M3 are the cells containing 1, 2, 3 or more nuclei (Rojas et al. 1993 ).
Staining and examination of micronucleus
The MN staining was performed according to Ozkul et al. (2005) . The slides were scored by a single observer. About 500 cells were examined at 600 check magnification from each slide and when MN cells were located they were examined under 1,000 magnification. The criteria suggested by Scarpato and Migliore (1996) for recognizing micronuclei were followed. Dead or degenerating cells were excluded from evaluation. Nuclear blebbing (MN-like structure connected with the main nucleus with a bridge) was not considered. Only micronuclei equal to or smaller than one-fifth of the main nucleus were assumed. Multimicronucleated cells were also scored but not included in the evaluation of MN frequency (Scarpato and Migliore 1996) .
Statistical analysis
The computer software program SPSS 10.0 was used to analyze the data. The statistical significance of the effects of Helichrysum taxa on MI, RI and MN was tested by the repeated measures of the analysis of variance (ANOVA) and differences between groups were determined by the least significant differences (LSD) test and were considered significant for with p \ 0.01.
Results
Helichrysum species (especially H. stoechas, H. graveolens, H. plicatum) have been used to alternative medicine for many years in Turkey (Baytop 1997) . Their increasing use in recent years is clear evidence of public interest in having alternatives to conventional medicine. Five different concentrations (0.01, 0.05, 0.1, 0.5, and 1 mg/mL) and in vitro three different parameters (MI, RI, MN) were used for determine the cytogenetic effects of nine Helichrysum taxa in human peripheral lymphocytes.
The effects of Helichrysum species on MI and RI are summarized in Tables 1 and 2 . These results showed that increasing doses of H. stoechas subsp. barrelieri, H. armenium subsp. armenium, H. armenium subsp. araxinum, H. heywoodianum (only RI), H. plicatum subsp. plicatum, H. compactum and H. artvinense decreased MI and RI (p \ 0.01). However, increasing doses of H. chasmolycicum (p \ 0.01) and H. graveolens (p = 0.01) increased MI and RI. According to control, a significant different in MI was observed in the 0.01 mg/mL concentration range for H. armenium subsp. armenium (3.41 ± 1.26) and H. armenium subsp. araxinum (2.93 ± 0.63), in the 0.05 mg/mL concentration range for H. artvinense (2.70 ± 0.93), in the 0.1 mg/mL concentration range for H. chasmolycicum (5.06 ± 0.74) and H. compactum (1.40 ± 0.34), in the 0.5 mg/mL concentration range for H. stoechas subsp. barrelieri (1.16 ± 0.48) and H. plicatum subsp. plicatum (1.07 ± 0.45). These significant differences are in the same concentrations of H. armenium subsp. armenium (0.01 mg/mL -1.352 ± 0.105), H. armenium subsp. araxinum (0.01 mg/mL -1.412 ± 0.141), H. stoechas subsp. barrelieri (0.5 mg/mL -1.188 ± 0.058) and H. plicatum subsp. plicatum (0.5 mg/mL -1.222 ± 0.048) for RI, too. But these significant differences are in the different concentration range (0.5 mg/mL) for H. chasmolycicum (1.506 ± 0.131), H. heywoodianum (1.454 ± 0.143), H. compactum (1.131 ± 0.089) and H. artvinense (1.211 ± 0.140).
The results of MN test are given in Table 3 . MN results showed that high concentrations of H. stoechas subsp. barrelieri (0.5 mg/mL -8.30 ± 2.06), H. chasmolycicum (0.5 mg/mL -6.16 ± 0.75), H. plicatum subsp. plicatum (0.5 mg/mL -3.50 ± 0.53), H. compactum (0.5 mg/mL -3.83 ± 1.19) and low concentrations of H. artvinense (0.01 mg/mL -2.93 ± 0.66), H. armenium subsp. armenium (0.1 mg/mL -8.33 ± 1.50), H. armenium subsp. araxinum (0.1 mg/mL -6.83 ± 1.86) increased MN rates (p \ 0.01). However, there is not a statistically significant in MN rates for H. heywoodianum and H. graveolens (p = 0.01).
Discussion
MI and RI are used as indicators of adequate cell proliferation biomarkers. MI measures the proportion of cells in the M-phase of the cell cycle and its inhibition could be considered as cellular death or delay in the cell proliferation kinetics (Rojas et al. 1993) . Except for H. graveolens and H. heywoodianum (only MI), there are great differences among MI and RI rates of other Helichrysum taxa (p \ 0.01). These differences were dose-dependent (p \ 0.01). The present results also show that RI values except for H. chasmolycicum and H. graveolens were significantly lower in extract concentrations than in controls. This may be attributed to several factors, one of which could be the fact that many cells, during the time remained in the circulation (at G 0 ), suffered DNA damage and did not survive the first cell cycle in culture to express MN, since they would have entered a process of necrosis or apoptosis before this event. Another factor to be considered could be that mitotic delay, by permitting the repair of genotoxic lesions, might also modify the frequency of cells that undergo mitosis at a given time in culture, thus changing the frequency of cells with two nuclei or more at harvest.
In living creatures, which are exposed to a mutagen factor, the probability of formation of mitotic and meiotic defects is increased and the rate of MN could increase due to this increase (Ramalho et al. 1988) . Alcohol consumption, smoking and viral infections increased to MN rates in peripheral blood lymphocytes (Seitz et al. 1998) . In this study peripheral blood samples were obtained from people who did neither smoke nor drink alcohol and had no viral infection. Except for H. heywoodianum and H. graveolens, other Helichrysum taxa effected MN rates (p \ 0.01). We also detected a negative correlation between MN and progression of cell division; namely the higher the MN frequency were detected in exposed individuals, the lower the values of nuclear division progression were expressed as RI. This may mean that cells with greater chromosomal damage may die before cell division or they may be less capable of entering this phase (Santos-Mello et al. 1974) . Multiple MN as the result of the loss of large part of the genome impairs or even prevents the cell division (Nath and Ong 1990) .
Micronucleated cells with one MN have a better chance to survive because only a small part of the genome is lost (Hando et al. 1997) .
In literature, there are a lot of studies interested in properties of Helichrysum species and using folk medicine of theirs. Some members of this genus have In contrast, increasing MN rates showed that they could have genotoxic and carcinogenic effects at high concentrations. H. chasmolycicum increased rates of MI and RI. This species can be useful in investigations regarding the increase of cell division. Furthermore, there are a lot of compounds in extracts of Helichrysum (Chinou et al. 1997; Jakupovic et al. 1989) . The use of single constituents would allow more precise interpretation of data and the added effect of the numerous compounds will be lost. It is therefore likely that the mixture of Helichrysum compounds may result in synergistic effects. Further studies will be needed to determine the effects of different compounds isolated from Helichrysum species and evaluate the synergistic effects on MI, RI and MN.
